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(54) Process for increasing the wet strength of porous plug wraps for use in smoking articles 

(57) A process for increasing the wet tensile 
strength properties of a porous plug wrap paper for use 
in smoking articles is disclosed. The wet strength prop- 
erties of the paper are increased by incorporating into 
the paper an alky I ketene dimer and by applying a size 
containing polyvinyl alcohol to a surface of the paper. 
The wet strength properties of the paper can be 
increased without using cross-linking agents. Porous 
plug wrap papers made in accordance with the present 
invention can have a wet tensile strength retention of at 
least 20%. 
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Description 

Field of the Invention 

5 [0001] The present invention is generally directed to a process for increasing the wet tensile strength of highly porous 
paper, such as porous plug wraps used in the construction of smoking articles. More particularly, the present invention 
is directed to a process for increasing the wet strength of porous plug wraps by adding a ketene dimer to a pulp fiber 
suspension during formation of the paper in combination with adding polyvinyl alcohol to the surface of the paper after 
the paper has formed. 

10 

Background of the Invention 

[0002] Smoking articles such as cigarettes are conventionally made by wrapping a column of tobacco in white wrap- 
ping paper. At one end, the smoking article usually includes a filter through which the article is smoked. Filters are 
is attached to smoking articles using a tipping paper which is glued to the white wrapping paper. Although there are some 
exceptions, conventional filters are typically formed from either compressed strips of paper or from cellulose acetate 
tows. Between the filter material and the tipping paper exists a porous plug wrap that holds the filter together prior to 
attachment to the wrapped column of tobacco. 

[0003] The paper components used to produce smoking articles not only provide structure but also contribute to or 
20 control many physical properties and characteristics of the cigarette. For instance, the paper can be used to control the 
rate at which the cigarette. burns, the number of puffs per cigarette, and the total tar delivery per puff. Many ol the above 
properties are controlled by producing paper with a particular permeability. 

[0004] For instance, porous plug wraps are lightweight papers that have a very high porosity and permeability. In par- 
ticular, porous plug wraps are produced with high permeabilities so that they do not interfere with the burn characteris- 
es tics of the smoking article as is more appropriately controlled by the cigarette wrapping paper and the tipping paper. 
[0005] Unfortunately, since plug wraps need to have a very high porosity, plug wraps have relatively low strength 
which presents problems during formation of the paper and during formation of the smoking article. 
[0006] For instance, during the formation of smoking articles, adhesive glue is typically applied to the porous plug 
wrap paper to serve as anchor lines for the cylindrical filter tow. The adhesive can wet the paper where applied and can 
30 thus reduce the strength of the paper. It is important that the paper is strong enough to withstand the forces that are 
being exerted on it, especially from the compacted filter tow. 

[0007] The plug wrap material is folded tightly to encompass the rod of tow material. Specifically, the resulting plug 
wrap rod is passed through a garniture which brings the rod to the desired diameter. After the filter tow is wrapped by 
the plug wrap paper, the filter is then subjected to heat in order to dry the paper and the adhesive. Subsequently, the 
35 filter is cooled. During this step in the manufacturing procedure, another problem experienced during the formation of 
the filter is that during cooling, the filter tow and the plug wrap paper can pick up condensation. The condensation weak- 
ens the paper and can cause the plug wrap to expand. This expansion coupled with the loss of strength of the porous 
plug wrap paper can cause failure in production due either to circumference variation or a complete breach in the plug 
wrap. 

40 [0008] In view of the above potential problems and difficulties that are experienced during the production of cigarette 
filters, in the past those skilled in the art have attempted to either increase the strength of porous plug wraps or make 
the porous plug wraps more moisture resistant. For instance, sizing agents have been applied to plug wraps in the past 
in order to increase the amount of water the porous paper can withstand or "hold out" during exposure to moisture. This 
method does increase the wet tensile strength of the plug wrap, but it does not increase it to a level sufficient enough 

45 to completely eliminate failures during production. Also in the past, strength enhancing agents have been applied to the 
porous paper. Examples of such agents include some cross-linking agents and wet strength resins. Unfortunately, 
these additional agents have recently come under environmental scrutiny in various countries. 

[0009] Thus, a need still remains for a plug wrap paper for smoking articles that has improved wet tensile strength 
characteristics. Also, a need exists for a method of producing such plug wrap paper. A need also exists for a process 
so that not only improves the "hold out" of plug wraps during exposure to moisture but also increases the wet tensile 
strength of the porous plug wraps. A need further exists for a method of increasing the wet tensile strength of plug wraps 
without the addition of cross-linking agents and certain wet strength resins. 

Summary of the Invention 

55 

[001 0] The present invention recognizes and addresses the foregoing disadvantages, and others of prior art construc- 
tions and methods. 

[001 1] In general, the present invention is directed to a process for increasing the wet tensile strength of porous plug 
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wrap paper used in the construction of smoking articles. The wet tensile strength of the plug wrap paper is increased 
by the addition of a ketene dimer composition in conjunction with a polyvinyl alcohol size. Through this process, the wet 
tensile strength of the plug wrap paper can be increased without the addition of cross-linking agents. As will be 
described in more detail hereinafter, the method of the present invention can be used to automatically increase the wet 
5 tensile strength as the porous plug wrap paper is being made. 

[001 2] Accordingly, it is an object of the present invention to provide an improved method of increasing the wet tensile 
strength of porous plug wraps. 

[0013] Another object of the present invention is to provide a method for increasing the wet tensile strength of plug 
wraps while eliminating the addition of cross-linking agents and/or certain wet strength resins. 
io [0014] It is another object of the present invention to provide a method for automatically increasing the wet tensile 
strength of a porous plug wrap paper as the paper is being made. 

[0015] These and other objects of the present invention are achieved by providing a process for increasing the wet 
tensile strength of porous plug wrap paper for a smoking article. The process includes the steps of incorporating a ket- 
ene dimer composition into the paper followed by applying a polymeric binder size, such as a polyvinyl alcohol size. The 

75 sequence of the additions is important to the enhancement of the wet tensile strength of the paper. 

[001 6] According to the present invention, the wet tensile strength of porous plug wrap paper can be increased above 
conventional plug wraps without the use of a cross-linking agent and/or wet strength agents that have recently fallen 
under environmental scrutiny. In particular, plug wrap papers made in accordance with the present invention have dem- 
onstrated a wet tensile strength retention greater than 20% and more particularly between about 20% to 35%. The 

20 basis weight of the porous plug wrap can be between about 10g/m 2 to about 40g/m 2 and more particularly between 
about 15g/m 2 to about 25g/m 2 . For most applications, a plug wrap can be formed having a permeability, for instance, 
no less than 600 Coresta units and more preferably over 3000 Coresta units. 

[001 7] The ketene dimer composition and polymeric binder size added to the plug wrap paper can be an alkyl ketene 
dimer and polyvinyl alcohol respectively. 
25 [0018] In one embodiment, the alkyl ketene dimer can be added in an amount from about 0.00001% to about 1% by 
weight based upon the weight of fiber contained in the paper. The polyvinyl alcohol can be a non-borated polyvinyl alco- 
hol added in an amount from about 0.5% to about 15% by weight. 

[0019] These and other objects of the present invention are also achieved by providing a process for increasing the 
wet tensile strength of porous plug wrap paper as the paper is being made. The system includes a paper forming device 
30 to form a continuous sheet of paper from a fiber suspension. The alkyl ketene dimer is added at the wet end of the 
papermaking process, specif ically to the papermaking pulp slurry such as prior to the head box or at the head box. The 
polyvinyl alcohol is then added to the dry end of the papermaking process as a size press coating after a set of dryers. 
[0020] Other objects, features and aspects of the present invention are discussed in greater detail below. 

35 Brief Description of the Drawings 

[0021 ] A full and enabling disclosure of the present invention, including the best mode thereof, directed to one of ordi- 
nary skill in the art, is set forth more particularly in the remainder of the specification, including reference to the 
appended figures, in which: 

40 

Figure 1 is a perspective view of a conventionally made cigarette; and 

Figure 2 is a perspective view illustrating the different components used to make a cigarette. 

[0022] Repeat use of reference characters in the present specification and drawings is intended to represent same 
45 or analogous features of elements of the invention. 



Detailed Description of the Preferred Embodiments 

[0023] ft is to be understood by one of ordinary skill in the art that the present discussion is a description of exemplary 
so embodiments only, and is not intended as limiting the broader aspects of the present invention which broader aspects 
are embodied in the exemplary construction. 

[0024] The present invention is generally directed to a process for increasing the wet tensile strength of porous plug 
wrap paper used in the construction of smoking articles. The process includes the addition of a ketene dimer composi- 
tion applied at the wet-end of the papermaking process followed by the addition of a polymeric binder at the dry-end of 
55 the papermaking process. 

[0025] Porous plug wrap paper made in accordance with the present invention not only has improved wet tensile 
strength, but is also made without using cross-linking agents or other ingredients that are currently being scrutinized as 
possibly being environmentally unfriendly. Wet tensile strength is measured in percent retention which is the percent of 
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original tensile strength retained after the paper has been wetted- Porous plug wraps made in accordance with the 
present invention can have a wet tensile strength retention greater than 20% and even greater than 30% in some appli- 
cations. For instance, thus far, porous plug wraps have been made having a wet tensile strength retention from about 
20% to about 35%. Such high wet tensile strength retention properties allow for a decrease in the amount of diameter 

5 variation and/or complete breaching of the porous plug wrap during the production of smoking articles. 

[0026] More particularly, porous plug wraps made in accordance with the present invention contain a ketene dimer, 
specifically an alkyl ketene dimer (AKD), in conjunction with a polymeric binder, specifically polyvinyl alcohol (PVA), in 
a manner that increases the wet tensile strength retention properties substantially above many conventional papers 
made in the past. According to the present invention, it has also been discovered that by incorporating a ketene dimer 

10 into the paper, the amount of polymeric binder that is applied to the paper can be substantially reduced, by as much as 
50%. In particular, it has been discovered that papers containing an alkyl ketene dimer have decreased pick up levels 
of sizes that are subsequently applied to the paper. Of particular advantage, less size can be applied to the paper with 
the same resultant increases in strength as if conventional size levels are applied. Thus, the amount of polymeric binder 
that is applied to the paper is minimized while at the same time increasing the strength of the paper during processing. 

15 Further, it has also been discovered that the process of the present invention also decreases vertical capillary absorp- 
tion. 

[0027] Also of significant advantage, cross-linking agents such as glyoxal and wet strength resins such as epichloro- 
hydrin resins are not needed in forming the paper and producing smoking articles. The termination of the above- 
described additional agents is believed to provide a more environmentally safe paper product. 

20 [0028] Figures 1 and.2 illustrate the components that are combined to form a smoking article, generally 10, having a 
tobacco column 12 within a wrapper 14. Wrapper 14 may include any manner of commercially available cigarette wrap- 
per. Paper web 14 defines an outer circumferential surface 16 when wrapped around tobacco column 12. 
[0029] Article 10 may also include a filter 26 that is made from compressed paper or cellulose acetate tows 28. Filter 
material 28 is held in a cylindrical form by a porous plug wrap paper 30. The filter material 28 encompassed by porous 

25 plug wrap 30 is attached to the tobacco column 1 2 using tipping paper 32 and an adhesive. 

° [0030] Different air permeability levels of wrapper 1 4, tipping paper 32, and porous plug wrap 30 contribute to the con- 
trol of the burn rate and other physical characteristics of the smoking article. As described above, plug wrap 30 is gen- 
erally made with a very high permeability so as to not substantially interfere with the effects that wrapper 14 and tipping 
paper 32 have on the characteristics and properties of the cigarette. Unfortunately, because plug wrap 30 should have 

30 a high permeability, the paper is relatively weak. The main purpose of the present invention is to provide a process for 
producing highly porous plug wraps that have improved strength properties, particularly wet tensile strength properties 
that facilitate production of the smoking article. 

[0031] The wet strength enhancing agent of the present invention includes a ketene dimer and more particularly an 
alkyl ketene dimer. For instance, in one embodiment, "HERCON 79" from Hercules Limited is used, which is a commer- 

35 cially available slurry containing approximately 40% active solids. The AKD composition is added to the wet end of the 
paper manufacturing process when the pulp fibers are in an aqueous slurry. In particular, the AKD is added to the 
papermaking pulp slurry preferably prior to the head box and after the pulpers. The AKD can be added in an amount 
equivalent to .00001% to 1% by weight of the fiber. Preferably, the amount of AKD added is from about 0.05% to about 
0.2% by weight of the fiber. It is believed that the addition of the AKD at the wet end during the appropriate time 

40 increases its effectiveness due to the longer resonance times. 

[0032] The polymeric binder used in conjunction with the AKD according to the present invention is typically a polyvi- 
nyl alcohol, preferably a non-borated polyvinyl alcohol. For instance, one commercially available non-borated polyvinyl 
alcohol that may be used in the process of the present invention is marketed under the tradename EVANOL by DuPont. 
The non-borated PVA is effectively added to the dry end of the papermaking process separately from the wet end addi- 

45 Won of AKD. Specifically, the non-borated PVA is preferably applied as a size press coating after that paper is fed 
through a dryer. The amount of PVA applied to the fibrous bonded sheet material can be from about 0.5% to about 15% 
by weight. Preferably, the PVA is applied to the paper in an amount of from about 1% to about 5% by weight. Thus far, 
synergistic results have been observed when using non-borated PVA in combination with the AKD as opposed to using 
borated PVA, although acceptable results have been obtained when using borated PVA. 

so [0033] The fibrous bonded sheet on which the non-borated PVA is applied is preferably a lightweight, porous material, 
having a finished basis weight of from about 1 0g/m 2 to about 40g/m 2 . Preferably the weight range for the sheet material 
is from about 15g/m 2 to about 25g/m 2 . Air permeability or porosity of the fibrous bonded sheet is typically measured in 
Coresta units. In accordance with the present invention, the permeability of the plug wrap paper is at least 600 to 700 
Coresta units and more preferably over 3.000 Coresta units. 

55 [0034] It is believed that the application sequence of the PVA in conjunction with the AKD of this invention is particu- 
larly vital to the increase in wet tensile strength of the porous plug wrap. Preferably, the AKD is applied at the wet end 
of the papermaking process followed by the addition of the non-borated PVA at the dry end of the process. Furthermore, 
the present invention prefers the use of a non-borated PVA incorporated with AKD. It is believed that elimination of the 
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boratlon reaction with the PVA allows the polymeric binder to react and bond with the AKD in the fibrous sheet material 
without the use of a cross-linking agent. 

[0035] The present invention may be better understood with reference to the following examples. 
5 Example No. 1 

[0036] The dry tensile strength, wet tensile strength, and percent wet tensile strength retention of different base 
sheets made with different additives were tested. In particular, porous plug wrap papers made in accordance with the 
present invention were tested and compared to plug wrap papers made according to different methods. In particular, 
io porous plug wraps containing the following additives were tested: 



Sample 


Additive 


A 


Non-coated 


B 


Non-coated with HERCON (from Hercules Limited) in Base Sheet 


C 


Coated with Borated PVA (from DuPont) 


D 


Coated with Non-Borated PVA 


E 


Coated with Borated PVA with HERCON in Base Sheet 


F 


Coated with Non-Borated PVA with HERCON in Base Sheet 



25 

[0037] All of the base sheets listed above were made having a permeability rating of 6.500 Coresta units. Porous plug 
wrap papers were made incorporating the above-described additives and then subjected to machine direction (MD) and 
cross- machine direction (CD) stress in order to obtain the following results. 

30 

Table I 



40 





Dry Tensile(g/inch) 


Wet Tensile(g/inch) 


Retention% 




MD 


CD 


MD 


CD 


MD 


CD 


A. 


1984 


368 


24 


11 


1.2 


3.0 


B. 


1837. 


281 


25 


9 


1.4 


3.2 


C. 


3779 


563 


426 


56 


11.3 


9.9 


D. 


4196 


617 


316 


78 


7.5 


12.6 


E. . 


2570 


637 


363 


52 


14.1 


8.2 


F. 


3859 


626 


1385 


224 


35.9 


35.8 



45 [0038] As shown from the above results, Sample E and Sample F made in accordance with the present invention 
exhibited improved wet tensile strength retention properties in relation to the other base sheets. As also shown, the plug 
wrap paper made with the non-borated PVA (Sample F) had much better wet strength retention properties than the 
sample made with borated PVA (Sample E). 

so Example No. 2 

[0039] Base sheets having an air permeability measurement of 26,000 Coresta units were also constructed contain- 
ing different additives. Each sample was compared with respect to dry tensile strength, wet tensile strength, and per- 
cent wet tensile strength retention. In this case, a cross-linking agent was utilized as one of the additives in order to 
55 observe the results. In particular, the following samples were constructed. 
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^Sample 


Additive 


A 


Non-coated 


B 


Coated with Borated PVA (from DuPont) 


C 


Coated with Non-Borated PVA (from DuPont) and a glyoxal mix (cross-linking agent) 


D 


Coated with Non-Borated PVA with HERCON(from Hercules Limited) in Base Sheet 



[0040] As shown above, Sample D was made in accordance with the present invention, while Sample C contained a 
cross-linking agent. As in the previous example, porous plug wraps were made incorporating the above-described addi- 
15 tives and then subjected to machine direction (MD) and cross-machine direction (CD) stress in order to obtain the fol- 
lowing results. 



Table II 





Dry Tensile(g/inch) 


Wet Tensile(g/inch) 


Retention% 




MD 


CD 


MD 


CD 


MD 


CD t 


A. 


2307 


651 


184 


81 


8.0 


12.4 


B. 


3546 


1603 


278 


119 


7.8 


7.4 


C. 


4146 


1153 


774 


201 


18.7 


17.4 


D. 


3956 


1129 


1309 


337 


33.1 


29.8 



30 [0041] As shown above, Sample D made in accordance with the present invention exhibited superior wet tensile 
strength retention properties in comparison to the other samples including the sample containing the cross-linking 
agent. 

[0042] These and other modifications and variations to the present invention may be practiced by those of ordinary 
skill in the art, without departing from the spirit and scope of the present invention, which is more particularly set forth 
35 in the appended claims. In addition it should be understood that aspects of the various embodiments may be inter- 
changed both in whole or in part. Furthermore those of ordinary skill in the art will appreciate that the foregoing descrip- 
tion is by way of example only, and is not intended to limit the invention so further described in such appended claims. 

Claims 

40 

1 . A process for increasing the wet strength properties of a paper comprising the steps of: 
providing a pulp slurry containing pulp fibers in an aqueous suspension; 

adding a wet strength enhancing agent to said pulp slurry, said wet strength enhancing agent consisting essen- 
45 tially of a ketene dimer; 

forming said pulp slurry into a paper; and 

applying a size composition to a surface of said paper, said size composition comprising polyvinyl alcohol, said 
polyvinyl alcohol in conjunction with ketene dimer increasing the wet strength of said paper. 

so 2. A process as defined in claim 1 , wherein said ketene dimer comprises an alkyi ketene dimer. 

3. A process as defined in claim 1 , wherein said polyvinyl alcohol comprises a non-borated polyvinyl alcohol. 

4. A process as defined in claim 1 , wherein said ketene dimer is added to said pulp slurry in an amount up to about 
55 1% by weight based on the weight of fibers contained within said slurry. 

5. A process as defined in claim 4, wherein said size composition is added to said paper in an amount from about 
0.5% to about 15% by weight. 
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6. A process as defined in claim 5, wherein said ketene dimer is added to said pulp slurry in an amount from about 
0.05% to about 0.2% by weight based upon the weight of fibers contained in said slurry. 

7. A process as defined in claim 4, wherein said size composition is applied to said paper in an amount from about 
5 1% to about 5% by weight. 

8. A process as defined in claim 1 , wherein said formed paper has a permeability of over 600 Coresta units. 

9. A process as defined in claim 1 , wherein said wet strength enhancing agent and said size composition are added 
io to said paper in an amount sufficient for said paper to have a wet tensile strength retention of at least 20%. 

1 0. A process for increasing the wet strength properties of a plug wrap paper used for wrapping filters for smoking arti- 
cles, said process comprising the steps of: 

is providing a pulp slurry containing pulp fibers in an aqueous suspension; 

adding a wet strength enhancing agent to said pulp slurry, said wet strength enhancing agent comprising an 
alkyl ketene dimer; 

forming said pulp slurry into a paper; and 

applying a size composition to a surface of said paper, said size composition containing polyvinyl alcohol, said 
20 size composition in conjunction with said alkyl ketene dimer increasing the wet strength of said paper, wherein 

said paper has a basis weight of from about 10g/m 2 to about 40g/m 2 and has a permeability of at least 600 
Coresta units. 

11 . A process as defined in claim 10, wherein said alkyl ketene dimer is present in said pulp slurry in an amount up to 
25 about 1% by weight based upon the weight of fibers contained in said slurry. 

12. A process as defined in claim 10. wherein said polyvinyl alcohol comprises a non-borated polyvinyl alcohol. 

13. A process as defined in claim 12, wherein said sizing composition is applied to said paper in an amount from about 
30 1 % to about 5% by weight. 

14. A process as defined in claim 10. wherein said formed paper has a permeability of at least 3,000 Coresta units. 

1 5. A porous plug wrap paper for surrounding filters in smoking articles, said paper comprising: 

35 

a base web containing pulp fibers; 

a wet strength enhancing agent incorporated into said base web, said wet strength enhancing agent compris- 
ing an alkyl ketene dimer; and 

a size composition applied to a surface of said base web, said size composition containing a polyvinyl alcohol; 
40 wherein said plug wrap paper has a basis weight of from about lOg/m 2 to about 40g/m 2 and a permeability of 

at least 600 Coresta units. 

16. A porous plug wrap paper as defined in claim 15, wherein said wet strength enhancing agent consists essentially 
of said alkyl ketene dimer. 

1 7. A porous plug wrap paper as defined in claim 15, wherein said alkyl ketene dimer is present in said base web in an 
amount from about 0.05% to about 0.2% by weight based on the weight of fibers contained in said web. 

18. A process as defined in claim 17, wherein said polyvinyl alcohol comprises a non-borated polyvinyl alcohol, said 
sizing composition being applied to said base web in an amount from about 1% to about 5% by weight. 

19. A porous plug wrap as defined in claim 18. wherein said size composition consists essentially of the non-borated 
polyvinyl alcohol. 

20. A porous plug wrap as defined in claim 18. wherein said wet strength enhancing agent and said size composition 
are present in said paper so as to provide said paper with a wet tensile strength retention of at least 20%. 

21. A smoking article comprising: 
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a column of tobacco; 

a wrapping paper surrounding said column of tobacco; 

a filter located adjacent to one end of said column of tobacco; 

a-tipping paper attaching said filter to said column of tobacco; and 

5 a porous plug wrap paper surrounding said filter and being covered by said tipping paper, said porous plug 

wrap paper having a permeability of at least 3,000 Coresta units and a basis weight of from about 10 g/m 2 to 
about 40 g/m 2 , said porous plug wrap paper including a base web containing pulp fibers and having a wet 
strength enhancing agent incorporated into said web, said wet strength enhancing agent consisting essentially 
of an alkyl ketene dimer, said porous plug wrap paper further including a size composition applied to a surface 

10 of said base web, said size composition comprising a non-borated polyvinyl alcohol. 

22. A smoking article as defined in claim 21, wherein said alkyl ketene dimer is incorporated into said base web in an 
amount up to about 1% by weight based on the weight of fibers contained in said web. 

is 23. A smoking article as defined in claim 22, wherein said size composition is present on said surface of said base web 
in an amount from about 1% to about 5% by weight. 

24. A smoking article as defined in claim 21 , wherein said porous plug wrap paper has a wet tensile strength retention 
of at least 20%. 



20 



25. A smoking article a? defined in claim 21 , wherein said porous plug wrap paper has a wet tensile strength retention 
of at least 25%. 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 0981971 A2_l_> 



EP 0 981 971 A2 




BNSDOCID: <EP 0981971A2J_> 



9 



